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f Curable all Icon a composition. 

> A curable silicone composition, comprising (A) a fluoroslllcone represented by the following general 
formula (1) : 

R 1 R 1 
I I 
XO— (Si-CH 2 CH 2 — Rf— CH 2 CH 2 — SiO) 



I 

CH, 



R R 

I I 

(Si-CH 2 CH 2 — (CF 2 ) _CH 2 CH 2 -SiO) b - 
CH 3 CH 3 



(1) 



(SiO) e — X 
I ° 



wherain W represents a perfluoroalkytene group or perfluoropoiyather group having 11 to 30 carbon 
atoms, R\ R z , and R 3 each represent a monovalent hydrocarbon group, a and p are each an integer of 2 
or over, b and c are each an Integer of 0 or over, and X is a triorganosilyl group, (B) an organohydrogan- 
ajloxane containing two or more Sl-H groups In the molecule, and (C) a platinum family metal catalyst 
This composition upon curing gives a rubberlike elastic product excellent In solvent resistance, 
chemical resistance, water repellency, and oil repetlency and low in moisture permeability 
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BACKGROUND OF THE INVENTION 

« 

1. Field of the Invention 

6 The present Invention relates to a curable silicone composition capable of forming a cured product excellent 

In solvent resistance, water repeHency. and oS repeltency. 

2. Description of the Prior Art 

io CuraWe silicone compositions are used in various fields since they can form rubberlfee elastic cured prod- 
ucts excellent in properties such as heat resistance. Such a curable silicone composition is disclosed, for ex- 
ample, in U.S. Patent No. 4,100,138, i.e., the U.S. Patent discloses a curable composition, consisting essen- 
tially of a homogeneous mixture of 

(A) a slloxane polymer or copolymer of the formula 



f5 



20 



28 



R' CH 3 R' R' . R' 

III II 

CH 2 ===CHSiO<SiO) p — (SiCH 2 CH 2 — Rf-CHjCHjSiO)^ SiCH=CH 2 

CH 3 CH 2 R R CH 3 

CF 3 

(B) a curing agent of the formula 



(KSiO^SiCHjCH^Rf CH 2 CH 2 Si (OSxH^ 

CH 3 CH 3 

35 (C) an effective amount of a platinum-containing catalyst; where, in (A) and (B), each R and R' is Indepen- 
dently methyl, phenyl, or 3,3,3-trtfluoro propyl, each Rf is Independently a perfluoroalkylene radical of 2 to 
10 carbon atoms, a perf luorocycloalkylene radical, or a perfluoroalkylene radical of 2 to 10 carbon atoms 
or a perfluorocycloailcylene radical containing one or more -C-O-C-lincages; p has a value of 0 to 2q in- 
clusive, so that, when p^O, siloxane (A) is a sitaxane polymer, but when p has a value of from greater 

40 than Otoq. Inclusive, slloxane (A) can be either a random copolymer or an alternating copolymer and when 
p has a value of from greater than q to 2q, inclusive, siloxane (A) fe only an alternating copolymer having 
no more than 2 adjacent CH^CFaCHjCH^SiO units, q has an average value of at least 3. each a is inde- 
pendently 1,2 or 3, there being an average of greater than 2.0 sillcone-bonded hydrogen atoms per mol- 
ecule of (B) and the amount of (B) being such that there Is, In said curable com position, from 0.5 to 3.0 

4S silicone-bonded hydrogen atoms for every ail icons-bonded vinyl radical. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a curable silicone composition capable of forming a cured 
50 product excellent in solvent resistance, water repeHency, and oil repellency. 

According to the present Invention, there is provided a curable silicone composition, comprising 
(A) a fluorocarbonsiloxane represented by the following general formula (1): 

55 
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R 1 R 1 ' 

I I 
XO— (Si-CH 2 CH 2 — Rf— CH 2 CH 2 — SiO) a - 



R- 



R a 
I 



R 3 



(1) 



(Si-CH 2 CH 2 — (CF 2 ) — CH 2 CH 2 — SiO) b — (SiO) c — X 
CH 3 CH 3 CH 3 



f 5 wherein R* and R 2 each represent an unsubstltuted or substituted monovalent hydrocarbon group, R* rep- 
resenta a monovalent hydrocarbon group having 1 to 8 carbon atoma, Rf represents a bivalent perfluor- 
oalkyiena group or a bivalent perfluoropolyether group represented by the following general formula: 



20 



CP, CP, 

-CF 2 CF 2 OCF 2 +j4- CFOCF 2 4^4- CF 2 4^4- CF 2 OCF -r-j-4- CF 2 OCF 2 CF 2 - 



whereln n Is an integer of 0 to 8, m and / are each an integer of 0 to 5, and j and k are each an Integer of 
0 or 1. provided that / + m + n+ J + klsan Integer bringing the number of carbon atoms to 11 to 30. a is an 
integer of 2 to 300, b is an integer of 0 to 300, c is an integer of 0 to 5,000, p is an integer of 2 to 8, and X 
is a triorganosiiyt group represented by the following formula: 



so 



40 



45 



50 



R 5 
— Si— R 4 
R 6 

wherein R* is an unsubstltuted or substituted monovalent hydrocarbon group having an aliphatic unsatu- 
rated bond, and R* and R 8 each represent a monovalent hydrocarbon group having 1 to 8 carbon atoms, 

(B) an organohydrogensiioxane containing two or more Si-H groups in the molecule, and 

(C) a platinum family metal catalyst, the amount of the component (B) being such that the amount of the 
Si-H groups is 0.5 to 5.0 mo! per mol of the aliphatic unsaturated group in the composition. 

The present Invention has succeeded In attaining the above object by using as a base polymer a porysi- 
loxane having a long-chain bivalent fluorine-containing group having 11 to 30 carbon atoms (the above com- 
ponent (A)). The present composition upon curing forms a rubberlike elastic product excellent in solvent re- 
sistance, chemical resistance, water repellency, and oil repellency, and low In moisture permeabOlty. The com- 
position Is also excellent In workability, and In particular where the component (A) of the composition has a 
viacoa&y of 1 00,000 cSt or less (at 25°C), the composition is useful as a liquid rubber material for gaskets by 
FIPG machines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a sample used for the measurement of the adhesive strength under shear in 
Examples. 



DETAILED DESCRIPTION OF THE INVENTION 
S6 (a) Ruorocarbonsiloxanes 

In the general formula (I), examples of the substituted or unsubst&uted hydrocarbon group represented by 
R 1 and R l include an alkyl group such as a methyl group, an ethyl group, a propyl group, a butyl group, a 2- 



3 



EP0 527 008 A1 



« • , » 

ethylbutyl group, and an octyl group, a cycloalkyl group such as a cydohexyl group and a cydopentyl group, 
an aryl group auch aa a phenyl group, a tolyl group, a xytyl group, a naphthyl group, and a diphenyi group, an 
aralKyl group such as a benzyl group and a phenylethyl group, and corresponding substituted hydrocarbon 
groups wherein part or all of the hydrogen atoms of the above monovalent hydrocarbon groups have been re- 

s placed with a halogen atom(s). a cyano group(a), or the like auch aa a chloromethyl group, a trifluoropropyl 
group, a 2-cyanoethyl group, a 3-cyanopropyl group, and -C^CFfCFak Out of these hydrocarbon groups, 
preferable ones are unsubstftuted or fluorine-substituted aJkyl groups having up to 6 carbon atoms, and-CjHi 
CFfCFak and a melhyJ group are the most preferable. The substituted or un substituted monovalent hydrocar- 
bon group R 4 having an aliphatic unaaturated group In the terminal organosflyl group X Includes, for example, 

10 a vinyl group, an ally! group, and a hexenyl group, and the monovalent hydrocarbon groups R», R*. and R« hav- 
ing 1 to 8 carbon atoms Include, for example, an alkyl group such as a methyl group, an ethyl group, a propyl 
group, a butyl group, a 2-ethyibutyt group, and an octyl group, a'cycloalkyl group such aa a cydohexyl group 
and a cydopentyl group, an alkenyl group such as a vinyl group, an ally group, and a hexenyl group, an aryl 
group such as a phenyl group, a tolyl group, and a xylyl group, an aralkyJ group such as a benzyl group and a 

is phenylethyl group, and corresponding substituted hydrocarbon groups wherein part or all of the hydrogen 
atoms of the above monovalent hydrocarbon groups have been replaced with a halogen etom(s). a oyano 
group(s), or the like such as a chloromethyl group, a trifluoropropyl group, a 2-cyanoethyl group, a 3-cyano- 
propyl group, and -C^HiCFfCFak Out of these hydrocarbon groups, preferable onea are unsubstftuted or flu- 
orine-substituted alkyl groups having up to 6 carbon atoms, and -CaKUCFfCF^ and a methyl group are the 

20 most preferable. 

Typical examples of the bivalent perfluoroalkylene group or perf luoropolyether group Rf Indude 



25 



CF 2 CF 2 OCF 2 CPO (CF 2 ) 4 OCF 2 CF 2 



<* 3 



CF 2 CF 2 OCF 2 CFO (CF 2 ) 4 OCFOCF 2 CF2— 

CF 3 CF 3 



35 CIX)CF 2 CFOCF 2 CFtX:F 2 CF 2 OCrcF 2 OCF 

ip 3 



CF 3 CF 3 CF 3 CF 3 CF 3 



to and 



45 



-CF0CF 2 CF0CF 2 CF0CF 2 CF 7 OCFCF 2 OCFCF 2 0CF— 
CF 3 CF 3 CF 3 CF 3 CF 3 CF 3 



In the present Invention, It Is possible to use, as the polymer (A), polymers which range from a polymer 
having a low viscosity of tens cSt (25*C) to a solid gumlike polymer. In view of the easy handling, for example, 
a gurrdike polymer is suitable for heat-curable rubbers and a polymer having a viscosity of about 1 00 to 1 00.000 
so cSt (25°C) Is suitable for liquid rubbers. If the viscosity is too low. the elongation of the obtainable cured product 
as an elastomer becomes small and balanced physical properties cannot be obtained. 

The preparation of the polymer (A) wherein In the general formula (1) b and c are each 0 can be carried 
out, for example, through the following synthetic route: 

55 
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R 1 R 1 Dehydration 

„^ J. m „ _ _ T J. ^„ condensation 
KO— Si-CH 2 CH2 — Rf — CH 2 CH 2 — S l— OH ► 

CH 3 CH 3 
(2> 



to 



HO- 



15 



R 1 R 1 

-S i -CH 2 CH 2 — Rf — CK 2 CH 2 — S i -O- 
I I 
CH 3 CH 3 

(3) 



Silylation 

Silylating 
agent 



R s 
R 4 —SiO- 



R R 

I I 
-Si-CH,CH 2 — Rf— CH 2 CH,-SiO- 
I I 
CH 3 CH 3 

(4) 



R 5 
I 

-Si— R 4 



30 wherein R\ R* R», R4 f R6 r^ r^ an( j a nave the same meanings as defined above. 

Where b or c is not 0 in the general formula (A), it is recommended to carry out dehydration condensation 
of dlols corresponding to the structural units Indicated by bore, I.e., 



R* 
I 



R* 



HO— [Si-CH 2 CHj- (CF a ) — CH 2 CH 2 — SiO] — H 



CH, 



CH, 



40 



and 



45 



50 



66 



R> 
I. 

HO— (SiO)— H 
I 

CH 3 

wherein R 2 , R» and p have the same meanings as denned above, at the same time when the disilanol of the 
formula (2) Is subjected to dehydration condensation In the above synthesis course. 

In the above synthesis course, after the did represented by the formula (3) is obtained, the dk>! Is silyiated 
to introduce the silyf group represented by X at the terminal thereby obtaining the fluorocarbonsiloxane (A). 
The saytating agent to be used includes, lor example, a silane compound represented by the formula 



5 
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» • ♦ * 

R 4 — Si-M 

i. 

wherein R 4 . R 5 , and R 8 have the same meanings as defined above, M represents a halogen atom such as chlor- 
ine, bromine, and Iodine, -NCO, 



10 



CH* 



O — R 



O — C=CH 2 , O — C=CH 2 , 

15 or -CHaCOOR wherein R represents a monovalent hydrocarbon group having 1 to 10 carbon atoms and a dls- 
Oazane compound represented by the formula: 



20 



R5 



R a — Si- 



-NH 



R 6 ' 



wherein R 4 , R* and R« have the same meanings as defined above. Out of these, preferable ones are, for ex- 
26 ample, 



so 



R 5 s 
R 4 — Si- 

R« /2 



-NH 



R5 0 — R 



R — Si 




35 R* R* 

R 4 — Si-CH 2 — COOR R 4 — Si-Cl 

I I 
R 6 r and R* 

40 

R*, R 5 . and R 6 of these sllylatlng agents may be selected to correspond to the terminal group X of the Intended 
f luorocarbonsiloxane (A). 

Typical examples of the terminal group X include 



45 



CH 2 CH 2 CF 3 



I 

CHf=CH-Si— 
<CH 3 ) 3 Si— , CH 3 



Ph 

(CH 3 > q 



56 CHf=CH-Si — ( 

CH 3 , and (CH 2 =CH>33T"Si- 



6 
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wherein q is 0 f 1, or 2, and Ph represents a phenyl group. 

Typical examples of the fluorocarbonsiloxane. the component (A), synthesized as described above include 

CH 3 fCHj CH 3 N (CH 3 >| CH 3 

CH 2 ===CHSi04-Si-CH 2 CH 2 — Rf - CH 2 CH 2 -Si O | I SiO-f Si-CH=CH 2 



I 

CH 



1 III I 

3 k CH 3 CH 3 \ CH 3 'c CH 3 



10 



15 



CH 3 ✓ CH 3 CH 3 
CH 2 ==CHSiO 4-Si-CH 2 CH 2 — Rf - CH^-SlO- 



1 I 
CH 3 kCH 3 



I 

CH 3 /'a 



f CH 2 CH 2 CF 3 ^ CH 

■SiO — 
I 



1 

+ Si-< 
JcCH 3 



CH=CH, 



20 



25 



CH, 



CH, 



CH 3 ^ f Ph v CH 3 



CH 2 =CHSiO -J-Si-CH 2 CH 2 — Rf - CH 2 CH 2 -SiO- 



I 

CH 3 



CH, ) 



3 'a 



-SiO- 

k ch 3 ; 



Si-CH=CH 2 
:CH, 



30 



and 



33 



40 



CH 3 ✓ CH, wn 3 

I, I I I * 

CH 2 =CHSiO ^Si~CH 2 CH 2 — Rf—CH 2 CH 2 -SiO 

<!:Hj Ich 3 



CH. \ 



CH* / 



LL'" 3 

I 6i-CH 2 CH 2 — c 6*\2— CH 2 CH 2 -SiO 

v CH 3 CH 3 ^ 



CH 3 
I. 3 

Si-CH=CH 2 
I 2 



45 



66 



The fluorocarbonsiloxane (A) has, as essential structural units, f luorocarbonslloxane units wherein two sil- 
icon atoms are connected through -CH 2 CH r Rf-CHjCHy. and desirably the fluorocanbonsiloxane units amount 
to 50 mol % or more, preferably 80 mol %, In the all sHoxane units. If the content of the f luorocarbonsfloxane 
unit Is small, the obtained cured product tends to become lower In solvent resistance and chemical resistance 
Further, in the fluorocarbonsiloxane (A), the content of the aliphatic unsaturated group which w9i contribute to 
the crosslinking is preferably 0.3 mol or less, more preferably 0.1 mol or less, per 100 g. If the amount of the 
aliphatic unsaturated group is excessive, the crosslink density will Increase and as a result the obtainable cured 
product is apt to lack elongation. 

(B) Qrganohydrogenslloxanes 

The component (B) functions as a crosslinking agent and can be used without any particular restriction if 
there are two or more hydrogen atoms boned to silicon atoms in the molecule, and the component (B) may be 
any of straight chain, branched chain, and cyclic chain organohydrogensDoxartes. Examples Include 



1$ 
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ch 3 y 

H -S iO-^SiO-j~S i -H 
CH 3 I Cli, J B CH 3 



10 



SiO 


/ CK 3 > 
-SiO- 




f H > 

I 

-SiO- 






I 

k CH 3 ) 


m 


I 

k CH 3 J 


n 



-Si(CH 3 > : 



CH 3 s CH 2 CH 2 CF 3 w CH 3 x CH 3 



H-Si 



, SiO- 
§ I 
CH> k CH, 



SioJ — Si-H 



n °H 3 



✓ Me n 
Ph-Si— LosiH 

k Me A 



H-SiO-4--Si-CH 2 CH 2 -Si OSi-H 

^ CH 3 A k CH 3 



I 

SiO 

I 

V CH 3 S A 



40 



H CH 3 

Si 

H s o' \> ,CH 2 CH 2 -Si 

Si Si 
C<4 3 N 0 </ N CH 3 

si 

H 7 ^CH. 



-OCH 3 > : 



H s CH 3 
Si 

O' \ O— CH 2 CH-CH 2 

Si Si N (/ 

CH 3 O s ,0 CH 3 
Si 
IT N CH 3 



8 




C 8 F 17 — CH 2 CH 2 — Si- 



CH 



3 *S 



OSi-H 
^ CH 3 J 



10 



15 



(GH 3 ) 3 SiO 



iO hSiO- 



I I 



f CH 2 CH 2 CF 3 ^ 

SiO 

I 



CH 3 



-Si (CH 3 ) 3 



and 



20 



26 



H v CH 3 

K x </ S 0 CH 2 CH 2 CPOCF 2 CPOCF 2 CP 2 CF 3 
Si Si' I I 



CH 3 <\ O 



Si 



30 wherein m. n, and o are each a positive Integer. 

Such an organohydrogenslloxane can be prepared, for example, by subjecting 



39 



CH 3 CH 3 

H-Si-O-Si-H 
I I 
CH 3 CH 3 



and 



40 



90 



66 





f H > 
I 

-SiO- 






I 

< CH 3 / 


4 



and/or 





i 3 

-SiO- 






I 

< CH 3 > 


e 



wherein e is an integer of 3 to 8 to an equ Alteration reaction using an add catalyst such as sulfuric acid, or by 
a co-hydrolysis reaction of sBanes or sUoxanes having hydrolyzabte atoms or groups (e.g., chlorine atoms and 
aikoxyl groups) corresponding to the intended molecular structure. 

Further, where theorganohydrogensfloxane has a special functional group, It can be prepared, tbrexample, 
by a partial addition reaction as described, for example, In Japanese Patent Publication (kokoku) No. 51-33540 
(1986). 

The above exemplified organohydrogensiloxanes may have a low molecular weight or a high molecular 
weight but In view of the readiness of the preparation, the organohydrogenslloxane Is preferably one having 
a relatively low molecular weight of up to 30,000. 

Further, in me present invention, besides the above organohydrogensiloxanes. fluorine-containing orga- 
nohydrogensiloxanes represented by the following general formula (5): 
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' ™3 

H-sia 
i 

\ CH 3 ✓ 



(R 7 ) 



i-CH 2 CH 2 — Rf— CH 2 CH 2 -Si - 



3 - x 



CH, 
I. 3 
OSi-H 

\ CH 3 J 



(5) 



10 



15 



wherein Rf has the same meaning as defined above, R 7 represents a monovalent hydrocarbon group having 
1 to 8 carbon atoms, and x and y are each an Integer of 0 to 2 can preferably be used. Since this fluorine- 
containing organohydrogensfloxane contains the fluorine-containing organic group Rf common to the compo- 
nent (A), the fluorine containing organohydrogensHoxane advantageously exhibits a good compatibility with the 
component (A) and also contributes to the Improvement of the solvent resistance and the chemical resistance 
of the cured product 

In the above formula (5), the hydrocarbon group W having 1 to 8 carbon atoms includes those groups ex- 
emplified for R a and R* above. Typical examples of the fluorine-containing organohydrogensioxane represent- 
ed by the general formula (5) Include 



20 



H-SiO-4— SiC% 



I 

CH 



CH 3 

CH 2 RfCH 2 CH 3 Si— |-OSi-H 



4< 



I 

k CH, 



30 



1 l" 3 



H -SiO-j— S*iCH 2 CH 2 Rf CH 2 CH 2 Si 
k CH 



3 '2 



CH 3 s CH 3 >> 
; Si-H-OSi-H 



45 



and 



CH 3 
CH, 



CH, 



CH 3 J 2 



*2 

i 

CH 2 



f5 

CHn 



I 

CH, 

H-SiO— | — SiCH 2 CH 2 RfCH 2 CH 2 Si- 



CH, 
I. 

-OSi-H 
k CH 3 J 2 



50 



55 



/ CH 3 \ CH 3 



I 

H-SiC 
I 

\ CH 3 / 



. CH 3 ( CH 3 >, 
2 CH 2 Sx — KOSi-H 



I 

-SiCH 2 CH 2 RfCH 
CH 3 k CH 3 ) 



The fluorine-containing organ ohydrogensiloxane can be prepared by reacting a diethytene compound rep- 
resented by the following formula: 
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wherein Rf has the same meaning as defined above with a chlorosllane compound represented by the following 
formula: 



<R 7 ) 2 

I. 

H-SiClj.,. 

wherein z is en integer of 0 to 2, in the presence of e catalyst such as platinum to synthesize a compound rep- 
resented by the following formula: 



Cl (3 . x) SiCH 2 CH 2 RfCH 2 CH 2 SiCl l3 . y> 

wherein R#, x , and y have the same meaning as defined above, and then co-hydrolyzing the thus synthe- 
sized compound together with 1,1,3,3-tetramethyldisilQxane in an aqueous hydrochloric acid solution. 

Although It Is enough If the amount of the component (B) to be added Is 0.1 to 50 parts by weight per 100 
parts by weight of the major component (A), practically the amount of the component (B) is such that the 0.5 
to 5 mol, desirably 1 .2 to 3.0 mo) of the Si-H group Is supplied for 1 mol of the aliphatic unsaturated group such 
as a vinyl group, an allyl group, and a cydoalkenyi group containing In the whole composition. If the amount 
of the component (B) is too small, the degree of crosslinking becomes unsatisfactory, whereas if the amount 
is too much, foaming will take place or the heat resistance, the compression set proprieties, etc. will be dete- 
riorated. Further, It Is desirable to use, as this crosslinking agent, one which is compatible with the component 
(A) as far as possible, because, in that case, a unffbrm cured product will be obtained. 

(C) Platinum family metal catalysts 

The platinum family metal catalyst is a catalyst for promoting the addition reaction (hydrosilytation) between 
the component (A) and the component (B). Examples Include platinum catalysts, ruthenium catalysts, Iridium 
catalysts, and palladium catalysts. 

Since generally these are com pou nds of noble metals and therefore expensive, a relatively readily available 
platinum catalyst is often used. The platinum catalyst includes, for example, chloroplatJntc acid, a complex of 
chloroplatinlc add with an olefin such as ethylene, a complex of chloroplatinic acid with an alcohol or a vinyl 
slloxane, and a solid catalyst having platinum carried on a carrier such as alumina or carbon. In order to obtain 
a more uniform cured product, desirably a solution of chloroplatinic acid or its complex dissolved in a suitable 
solvent is used to be compatibilized with the component (A). 

Besides the platinum catalysts, examples Induce RhCi (P^fc, RhCl (CO) (P^ RhCI iCJHfa Ru^CO),* 
irCI (CO) (P*a) 2 , and Pd (Pe*)* wherein 0 represents phenyl. 

Although there is no particular restriction on the amount of these catalysts to be used, because they are 
expensive, generally the amount of the catalyst to be used may be 1 to 1 ,000 ppm, desirably on the order of 
10 to 500 ppm. 

Other ingredients 

Further, In the present Invention, In addition to the above-mentioned components (A) to (C), an epoxy group 
containing sSoxane represented by the following general formula (6): 



11 



10 



CH, 



CH 2 CHCH 2 0CH a CH 2 CH 2 Si-O 
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CH, V <CH 3 ) 



CH 3 'a 



i 1 *y 3 3 " s " t 

H-Si-0 -Si-CH 2 CH 2 RfCH 2 CH2 . 

k CH 3 )t 



3- u-> 
-Si 



( T 2 ) ( 

O-Si-H O— ; 



CH 3 

I, 

Sl-CH 2 CT 2 CH 2 OCH 2 CHCH 2 



) 



(6) 



is wherein Rf has the same meaning as defined above and s and u are each an Integer which satisfies that 0 s 
e s 3, 0 s u s 3, and e + u e 1, and t and v are each an integer which satisfies that 1 S t S3 and 1 £ v s 3 
can be blended. This epoxy group containing siloxane acts particularly as an adhesion assistant and Improves 
the adhesion of the cured product to various bases. TyplcaJ examples of this epoxy group containing sOoxane 
Include 

20 



25 



CH 3 \ 



H-SiO-1 — SiCH 2 CH 2 RfCH 2 CH 2 Si- 



| I ^ A & | 

CH 3 K , ( 



U 



CH 3 N 
k CH 3 / 



f CH, 



O-S iCH 2 CH 2 CH 2 OCH 2 CHOl 3 



2 k CH 3 



33 



45 



CH 2 CHCH 2 0CH 2 CH 2 CH 2 Si-O 



and 



N 


I 3 
H-SiG- 






SiCH 2 CH 2 RfCH 2 CH 2 » 


/ 


\ CH 3 > 


2 



L 



4 



Si — HOSi-H 
V CH 3 /> 2 



O^SiCH 2 CH 2 CH 2 OCH 2 CHCH 2 



50 



65 



H-SiO-4— ; 
I CH 3 J 3 



SiCH2CH 2 C 6 F l2 CH 2 CH 2 Si 



□ 



( CH 3 \ y CH 3 



I. 

OSl-H 
I 



0-SiCH 2 CH 2 CH 2 OCH 2 CTCH 2 



2 k CH, 



O ^ 



The amount of this epoxy group containing sJloxane to be blended Is preferably In the range of 0.1 to 50 
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parte by weight per 100 parte by weight of the component (A), in which range desirable adhesion can be ex- 
hibited. Additionally stating, since this epoxy group containing siloxane contains Si-H groups in the molecule. 
It also acts as a crossllnklng agent Therefore, where this epoxy group containing siloxane Is used. It Is desirable 
to control the amount of the epoxy group containing sQoxane to be blended so that the total amount of the & 
5 H groups in the composition may be 5 mol or less, particularly 3.0 mo! or less, for 1 mol of the aliphatic unsa- 
turated group contained in the composition. 

Further, In the present Invention, if necessary, various additives can be added further. Specifically, for ex- 
ample, there are an organoporysiloxane having a resin structure which comprises SIOj units, CH 2 s CH{R 2 )Si a8 
units, and RfiiO^ units (wherein R represents a monovalent hydrocarbon group not containing an aliphatic 
10 unsaturated double bond) (see Japanese Patent Publication (kokoku) Nos. 38-26771 (1963) and 45-9476 
(1970)), which will be added in order to reinforce the strength of the obtainable cured product which is an elastic 
product and a polysiloxane containing CH 2 =CHR6SiO units (wherein R* has the same meaning as defined 
above) (see Japanese Patent Publication (kokoku) No. 48-10947 (1973))and an acetylene compound (see U.S. 
Patent Specification No. 3,445,420 and Japanese Patent Publication (kokoku) No. 54-3774 (1974) as well as 
an ionic compound of a heavy metal (see U. S. Patent Specification No. 3,532,849), which will be added in 
order to control the curing rate of the composition. Further, a suitable amount of a nonfunctional organopdy- 
slloxane may of course be added In order to Improve, for example, the thermal shock resistance and the f lex- 
ibaity. 

Further, to the present composition, a filler may be added in order to reduce the thermal shrinkage at the 
time of the curing, to lower the thermal expansion coefficient of the elastic product that will be obtained by curing 
the composition, to Improve the heat stability, the weathering resistant, the chemical resistance, the fire retar- 
dancy, or the mechanical strength of the elastic product, or to tower the gas permeability of the elastic product 
The f iter includes, for example, fumed silica, quarts powder, glass fiber, carbon, a metal oxide such as iron 
oxide, titanium oxide, and selenium oxWe. and a metal carbonate such as calcium carbonate and magnesium 
carbonate. Further, if necessary, a suitable pigment, a dye, or an antioxidant may be added. 

To put the present composition to be practically used, the present composition may be dissolved in a suit- 
able organic solvent such as benzotrichlcride and metaxylene hexaftuoride to obtain a desired strength, de- 
pending on the application and the purpose. 



15 



20 



30 Uses and Method of the use 

The present composition can be cured at room temperature and also can be cured at 100 to 200°C within 
a short period of time from several hours to several minutes. 

Since the present compos Won gives a rubberlike product excellent In sol vent resistance, water repellency, 
and on repellency, the present composition is usefol particularly in the field, for example, of liquid rubber ma-' 
terials for gaskets by FIPG machines, sealants, molded items, extruded items, and coverings. 

EXAMPLES 

Now the present mention will specifically be described on the basis of Examples, wherein the viscosity 
is the value measured at 25°C. 

Example 1 

15 parts by weight of fumed silica treated with trimethylslloxy groups was added to 100 parts by weight of 
a fluorocarbonsUoxane polymer (having a viscosity of 5,700 cSt, an average molecular weight of 2,500, and a 
vinyl group content of 0.008 mol/1 00 g) represented by the following formula; 

CW 2 =CHSxOJ- S i-CH 2 CH 2 -Rf-CH 2 CH 2 -SiO S 'i-CH=CH, 



33 



40 



45 



CT 3 VCH 3 CH 3 J 



I 

* CH-. 



& wherein Rf represents 
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-CFjOCF-^t— 
or CF 3 CF^ 

and a is about 25 on average, then after they were mixed and heat-treated, they were mixed on a three-roll 
mill, and then 2.7 parts by weight of a mefoylhydrogenpolysiloxane (having a viscosity of 11 cSt) represented 
by the following formula: 





CH 3 SiO LsiO-|^SiO-L- Si-CH 3 

CH 3 I CH 3 ) 6 I CH 3 J l2 



0.47 part by weight of carbon black, a toluene solution of a catalyst obtained by modifying chloroplatlnlc acid 
with CH2=CH-si(CH3)r<>-SI(CHa)rCH=CH2 (the concentration of platinum: 1.0 wt. %), and 0.002 part by 

20 weight of 2-etrtyilsopropanol were added thereto, followed by mixing. The resulting mixture was deaerated un- 
der reduced pressure, was then placed In a rectangular damping frame, was deaerated again, and was press 
cured at 120 kgf/cm 2 an d 1 50°C for 20 mln. Test specimens were cut out from the cured sample and the physical 
properties were measured in accordance with JIS K 6301, which gave the following results: 
Hardness (JIS-A*) ; 48 

26 Elongation (%) ; 310 

Tensie strength (kgf/cm 2 ) : 49 

(♦Note: the hardness was measured by using an A-type spring hardness tester stipulated in JIS K6301.) 

Example 2 

Example 1 was repeated, except that, In place of the ffuorocarbonsiloxane polymer used in Example, 100 
parts by weight of afluorocarbonslloxane polymer (having a viscosity of 6,300 cSt, an average molecular weight 
of 28,000, and a vinyl group content of 0.0O7 mol/100 g) represented by the following formula: 



CH 3 



^3 f CH 3 CH 3 \ / Ph 

OT 2 ^HSiO^Si^CH 2 CH 2 -Rf-CH 2 CH 3 -SiO UlOH- Si-CH=CH 2 

CH 3 ^CH 3 CH 3/ J a I CH 3 JcCH 3 

wherein Rf represents 



— CF 2 CF 2 OCF 2 ^FOCF 2 --CF2C)CF--CF 2 OCF 2 CF 3 - 
CF 3 CF 3 



a is about 32 on the average, c Is about 8 on the average, and the constitutional units are arranged at random 
was used, thereby preparing a composition, from which a cured sheet was prepared. Test specimens were cut 
so out from the cured sheet and the physical properties were measured in accordance with JIS K 6301, which 
gave the following results: 
Hardness (JIS-A*) : 52 

Elongation (%) ; 330 

Tensie strength (kgf/cm 2 ) : 65 

Example 3 

Example 1 was repeated, except that In place of the methyl hydrogen polysBoxane used In Example 1 , 0.90 
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part by weight of a methylhydrogencydosiloxane represented by the following formula: 



10 



15 



20 



i SiO— I — | 

^ CH 3 ) A 



was used, thereby preparing a cured sheet Test specimens were cut out from the cured sheet and the physical 
properties were measured In accordance wtth JISK6301. 
Hardness (JIS-A+) ; 45 

Elongation (%) : 290 

Tensle strength (kgf/cm 2 ) ; 45 

Example 4 

Example 1 was repeated, except that In place of the fluorocarbonsfloxane polymer used In Example 1, 
100 parts by weight of a f luorocartonslloxane polymer (having a viscosity of 6,1 00 est, an average molecular 
weight of 27,000, and a vinyl group content of 0.007 mol/100 g) represented by the following formula: 



' 3 f * 

CH 2 =CHSiO 4-Si-CH 2 CH 2 — Rf ■ 
CH 3 LcH 3 



CH 3 
I. 3 

-CH 2 CH 2 -SiO 
CH 3 



CH 3 
I 

€x-CH 2 CH 2 - 



CH 3 
I 3 

: 6 F i2 — CH 2 CH 2 —SiO- 



CH 3 
I 3 

Si-CH=CH 2 



33 wherein Rf represents 



40 



- CFOCF 2 h CF 2 OCP-rr- 

CF 3 CF 3 



45 



a is about 24 on average, c Is about 6 on average, and the constitutional units are arranged at random was 
used and the amount of the methylhydrogenpolysOoxana to be blended was changed to 2.5 parts by weight, 
thereby preparing a cured sheet Test specimens were cut out from the sheet and the physical properties were 
measured In accordance with JIS K 6301 . 
Hardness (JIS-A-) : 52 

Elongation (%) : 260 

Tensle strength (kgf/cm 2 ) : 58 

With respect to the elastomers obtained in Examples 1 to 4, the chemical resistance, the solvent resistance, 
and the surface properties were tested and the results are shown below. 

Further, for the sake of comparison, the chemical resistance of a silicone rubber and the solvent resistance 
and the surface properties of the composition (III) shown In Japanese Patent Publication (kokoku) No. 58-56582 
(1963) were tested and the results are also shown below. 
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Contact anole (decree) 
Pure water LufrfiC3fctaq 



10 



19 



20 



26 



30 



33 



40 



Example 1 


110 


53 


Example 2 


108 


45 


Example 3 


110 


52 


Example 4 


110 


54 


Comparative 
Example* 2 


98 


38 


(Note) 






*1) Lubricating oils ASTM No. 


3 oil 



*2> The values of Comparative Examples were obtained by 
measuring the composition (iii) shown in U.S. Patent 
No. 4 f 100,136. 

Examples 

12 parts by weight of fumed silica filler treated with trlmethylsiloxy groups was added to 100 parts of the 
fluorocarbonsikwane polymer used in Example 1, then after they were mixed by a three-roll mill, 3.6 parts by 
weight of a fluorine-containing organohydrogenslloxane represented by the following formula: 



' ch 3 ^ 
H-SiO 
k CH 3 J 



-SiCH 2 CH 2 RfCH 2 CH 2 Si — kOSi-H 

I CH. , 



wherein Rf represents 



(CF0CF 2 ) 2 — (CP 2 OCF) 2 

»i <^F 3 

0.47 parts by weight of carbon black, a toluene solution of a catalyst obtained by modifying chloroplatinic add 
with CHa^CH-SitCHJa-O-SKCHJrCH^Ha (Ihe concentration of platinum: 1.0 wt %), and 0.002 part by 

50 weight of 2-ethylisopropanol were added thereto, followed by mixing. The resulting mixture was deaerated un- 
der reduced pressure, was then placed In a rectangular clamping frame, was deaerated again, and was press 
cured at 120 kgf/cm 2 and 1 50°C for 20 min. Test specimens were cut out from the cured sample and the physical 
properties were measured in accordance with JIS K 6301, which gave the following results: 
Hardness (JIS-A*) : 45 

55 Elongation (%) : 290 

Tensie strength (kgf/cm 2 ) : 45 
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Example 6 

Example 5 was repeated, except that as the f luorocarbonsDoxane polymer, 100 parts of a fluorocarbonsl- 
loxane polymer (having a viscosity of 6,500 cSU an average molecular weight of 3, 100, and a vinyl group content 
of 0.007 mol/100 g) represented by the following formula: ' 



10 



CH 3 ✓ CF 2 CH 2 CF 3 



CH, 



CF 2 CH 2 CF 3 \ 



CH 2 =CHSiO- -Si-CH 2 CH 2 — Rf - CH 2 CH 2 -SiO- 



15 



4CH 2 CH 2 CF 3 > 



CH 3 
I 

Si-CH— CH 2 
CH, 



wherein Rf represents 



-CF 2 CF 2 OCF 2 — CFOCF 2 — CF 2 OCF^F 2 OCF 2 CF 2 



CF, 



CF* 



a ia about 36 on average, c is about 4 on average, and the constitutional units are arranged at random was 
used, and as the fluorine-containing hydrogensfloxane, 5.1 parts by weight of a fluorine-containing hydrogerv 
30 alloxans represented by the following formula: 



33 



' CH 3 \ 

I 3 
H-SiO 



I 



CH 3 CH3 y 

SiCH 2 CH 2 RfCH 2 CH 2 Si — t-OSi-H 

K in. J 



wherein Rf represents 



40 



(CF 2 CF 2 OCF 2 ) <CPOCF 2 ) (CF 2 OCF) (CF 2 OCF 2 CF 2 ) 



<^F 3 



was used, thereby preparing a composition, which in turn was formed Into a cured sheet Test specimens were 

cut out from the cured sheet and the physical properties were measured in accordance with JIS K 630 1 , which 

gave the following results: 

Hardness (JIS-A*) : 50 

Elongation (%) :310 

Tensie strength (kgffcm 2 ) : 47 



Example 7 



Example 6 was repeated, except that as the fluorocarbonsiloxane polymer, 100 parts of a fluorocarbonsi- 
66 loxane polymer (having a viscosity of 5.900 cSt, and a vinyl group content of 0.008 mol/100 g) represented by 
(he following formula: 
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CH 2 =CHSiO J-S i -CH 2 CK 2 — 



CH, > 

I, 



CH 



Rf—CH 2 CH 2 -SiO 



I 

CH 3 



10 



15 



20 



1 Si-CH 2 < 

^ CH 3 



ch 3 

CH 2 — C^P 12 — CH 2 CH 2 -SiO 



I 3 

Si-CH=CH 2 
I 2 



wherein Rf represents 



4 



I I 



FOCF 




F 2 OCF 
CF 



i 



a Is about 21 on average, c is about 9 on average, and the constitutional units are arranged at random was 
used, thereby preparing a cured sheet Test specimens were cut out from the cured sheet and the physical prop- 
ertles were measured in accordance with J IS K 6301 . 
26 Hardness (JIS-A*) ; 59 

Elongation {%) : 250 

Tensle strength (kgf/cm 2 ) : 60 

Then similarly to Examples 1 to 4, the chemical resistance, the solvent resistance, end the surface prop- 
erties were determined. The results are shown In Tables 4 to 6 below. 



30 



IftblQ 4 

— VQlxms change AV 



40 



45 



50 



10 % aqueous NaOH 
solution 

10 % aqueous HC1 
solution 

10 % aqueous HNQ 3 
solution 

10 % aqueous H 2 S0 4 
solution 



EfcamplS 5 Example 6 Example 7 

0 



0 
0 



0 
0 
0 



Silicone 
rubber 

0 
2 
8 
5 



66 



(Note) 

Test conditions: dipping at 25°C for 7 days. 
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Table g 

Volume chanae AV 



Comparative 
Example 5 BamBlS 6 Example 7 Example* 



Toluene 

n -heptane 

Methyl isobutyl 
ketone 



8 

11 

30 



7 

10 
42 



9 

11 
33 



15 
11 

260 



(Note) 

Test conditions: dipping at 25°C for 3 days. 
* Comparative Example: values obtained by measuring the 
composition (iii) shown in U.S. Patent No* 4,100,136. 



Contact; (cteggqe) 

PMITg Wflter Lubricating oil** 

112 54 
110 52 

113 58 
98 38 



Rubier 
Example 5 
Example 6 

Example 7 

Comparative 
Exainple* 2 



(Note) 

*1) Lubricating oils AS1M No. 3 oil 

*2) Values of Comparative Examples were obtained by 
measuring the composition (iii) shown in U.S. Patent 
No* 4,100,136. 

Example 8 

Example 5 was repeated, except that Ihe amount of the fluorine-containing organohydrogenailoxane was 
changed to 1.8 parts by weight and 1.8 parts by weight of an epoxy group containing siloxane represented by 
the following formula: 
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r ^1 

H-SiO-J- 
L CH3J3 



•SiCH 2 CH 2 RfCH 2 CH 2 Si 



□ 



10 



ch 3 >> 

OSi-H 
I 

^ CH 3 / 2 



CH, 



O-SiCH 2 CH 2 CH 2 0CH 2 CHCH 2 



wherein Rf represents 



15 



-CPOCF 2 



^CF 3 



-CF 2 OCF- 



CF 3 ; 2 



20 was used, thereby preparing a curable composition. 

The composition was pressed tor 20 mln under conditions of 120'C and 120 kg/cm* into a sheet having a 

thickness of 2 mm, then from this sheet a sample tor the measurement of the adhesive strength under shear 

shown in Fig. 1 was tormed, and the adhesive strength under shear to glass, aluminum, iron, and epoxy resin 

was determined. The results are shown in Table 7. 
25 For the sake of comparison, using the composition ot Example 5. the same measurement aa above was 

carried out. and the results are shown in Table 7. 

In Fig. 1 , reference numeral 1 indicates an adherend such as glass, reference numeral 2 ind icates a sealing 

material formed from the sheet for which the measurement Is carried out, reference numeral 3 Indicates a 

spacer, and reference numeral 4 Indicates a weight. 
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Examples 
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Example 8 was repeated, except that as the f luorocarbonalloxane polymer, a fluorocarbonsBoxane polymer 
(having a viscosity of 8,200 cSt and a vinyl group content of 0.007 mol/1 00 g) represented by the following for- 
mula: 
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CH 3 / CH. 



>-ksi-C 
CH 3 I CH 3 



CH, \ 



CH 2 =CHSi O -[-Si -CH 2 CH 3 —Rf — Ck 2 CH 2 -Si O • 

CH 3 ? 



10 




CH 3 CH 3 ^ 

I | 
l-CHjO^—C^Fjj— CH 2 CH 2 -SiO- 



CH 3 

Si-CH=CH 2 



wherein Rf represents 



20 



h CPOCF 2 ) 2 ( CFjOCF-tj— 

CF 3 CF 3 

* 

a Is about 25 on average, and 6 Is about 3 on average was used, thereby preparing a curable composition, 
whose adhesion strength under shear was measured. 
The results are shown in Table 8. 

26 Example 10 

Example 8 was repeated, except that In place of the epoxy group containing siloxane used in Example 8 
a compound represented by the following formula: 



30 



33 



40 



CH 3 S 

CH 2 CHCH 2 OCH 2 CH 2 CH 2 Si -O 
\ / \ 

\ y ch 3 



s 


f CH 3 > 

H-SiO- 
I 






SiCH 2 CH 2 *fCH 2 CH 2 


/ 


< CH 3 J 


2 



l Si 



J f 3 W CH 3 N 
— j-OSl-H G-SiCH 2 CH 2 CH 2 OCH 2 CHCH 2 
k CH 3 ) 2 L CH 3 V ) 



wherein Rf represents 



45 



50 



-4-CFOCF 2 - 



CF, 



•CF 2 OCF- 



I 

2 ^ CF 3 /> 2 



was used, thereby preparing a composition, whose adhesion strength under shear was measured 
The results are shown in Table B. 
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«r Claims 

1 . A curable silicone composition, comprising 

(A) a fluorocarbonsfloxane represented by the following general formula (1): 
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10 



i 



B 1 



XO— (Si— CHjCHj— Rf— CH 2 CH 2 -SiO) a - 
CH 3 CH 3 



R 2 R a R3 

I. I I 

(Si-CH 2 CHj— (CF 2 ) — CHjOTj-SiO) „ — (SiO) — X 

1 * | 



(1) 



CH, 



1$ 



wherein R* and R 2 each represent an unsubstltuted or substituted monovalent hydrocarbon group, R a 
represents a monovalent hydrocarbon group having 1 to 8 carbon atoms, Rf represents a bivalent per- 
fluoroalkylene group or a bivalent perfluoropolyether group represented by the following general for- 
mula: 



20 



26 



30 



S3 



CF 3 



-CF 2 CF 2 OCF 3 CPOCF a CF 2 



CF 3 
CF 2 Ofl 



F 4^4- CF 2 OCF 2 CP 2 - 



wher ein n is an integer of 0 to 8, m and / are each an integer of 0 to 5, and j and k are each an integer 
of 0 or 1 , provided that / ♦m*n+j*kisan integer bringing the number of carbon atoms to 1 1 to 30, 
a is an Integer of 2 to 300, b Is an Integer of 0 to 300, c is an Integer of 0 to 5,000, p is an integer of 2 
to 8, and X Is a triorganosByl group represented by the following formula: 

I, 



wherein R« isan un substituted or substttuted monovalent hydrocarbon group having an aliphatic unsa- 
turated bond, and R 6 and R* each represent a monovalent hydrocarbon group having 1 to 8 carbon 
atoms, 

40 (B) an organohydrogensDoxane containing two or more Sl-H groups In the molecule, and 

(C) a platinum family metal catalyst, the amount of tha component (B) being such that the amount of 
the ShH groups is 0.5 to 5.0 mo! per mol of the aliphatic unsaturated group in the composition. 

2. A composition as claimed in clafrn 1, wherein in the general formula (1) representing the component (A), 
^5 the f luorocarbonsiloxane. Rf is selected from the group consisting of 



so 



CF 2 CF 2 OCF 2 CFO (CF 2 ) 4 OCF 2 CF 2 

CF, 
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CF 2 CF 2 OCF 2 CFO (CF 2 ) 4 OCFOCF 2 CF 2 

CF 3 CF 3 
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cfocf 2 cfocf 2 cpcx:f 2 cf 2 ocfcf 2 ocf 



CF* CF, 



I 



CF, CF, 



and 



— cfxxf 2 cfck:f 2 cf^ — 



CF, 



CF, 



CF 5 CF-* 



CP, 



A composition as claimed In datm 1, wherein the component (S), the organohydrogensOoxane. Is repre- 
sented by the following formula: 



^ CH 3 ^ 
I 

H-SiO 
I 

k CH 3 ) 



(R 7 >. 



-Ji-CH 2 < 



(R 7 ) 

CH 2 — Rf— CH 2 CH 2 -Si - 



CH 3 > 



3 - x 



OSi-H 
I 

> CH 



3 's-y 



wherein Rf has the same meaning as defined above, W represents a monovalent hydrocarbon group hav- 
ing 1 to 8 carbon atoms, and x and y are each an Integer of 0 to 2. 

A composition as defamed in claim 3. wherein said organohydrogensyoxane comprises at least one com- 
pound selected from the group consisting of 



I 3 
H-SiO 

I 

\ ch 3 / 3 



-SiCH 2 CH 2 RfCH 2 CH 2 Si~ 



-OSi-H 
^ CH 3 ) 3 




CH, 



CH 3 , 



CH, 



SiCH 2 CH 2 RfCH 2 CH 2 Si— LoSi-H 



CH, 




CH 3 CF 3 
CH 2 

SiCH 2 CH 2 RfCH 2 CH 2 Si— f OSi-H | 

CH 3 



CH^ 
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H-SiO 
I 

k CH 3 ) 



CH 3 

-SlCH 2 CH 2 RfCH 2 CH 2 Si 



CH 3 * ch 3 v 

3i OSi-H 

^ CH 3 J 2 



5. A composition as claimed In claim 1 which. In addition to said components (A) to (C). further comprises 
an epoxy group containing siloxane represented by the following formula: 



CH 3 s 



CH 2 CHCH 2 OCH 2 CH 2 CH 2 Si— O 
O 



CH 3 ' 



CH 3 v (CH 3 > 3 - 8 - t 
H -Si -O -Si -CH 2 CH 2 Rf CH 2 CH : 



CH 3 /t 



g 1 



( CH 3 ) 3 _ u _ v 

-Si 



f 1 ( ^ 3 

O— Si-H O-Si-* 

I I 

k CH 3 K K CH 3 



CH 2 CH 2 CH 2 OCH2CHCH 2 
O ^ 



wherein Rf has the same meaning as defined above and s and u are each an Integer which satisfies that 
0 ^ s £ 3, 0 * u s 3, and s ♦ u s 1, and t and v are each an Integer which satisfies that 1 s t S3 and 1 

2V2 3. 



30 6. A cured product obtained by curing a composition as claimed In claim 1 . 
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Fig. 1 
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